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Abstract
We identify a number of crystalline structures with promising characteristics to serve as a detection medium for a
novel Dark Matter (DM) detector with a low threshold energy. A detector of this kind can be specifically useful in
application requiring the detection of nuclear recoils, such as in direct detection of low mass DM, coherent neutrino
scattering and neutrons. We describe a broad band, high sensitivity optical setup designed and constructed for the
purpose of this search and future investigations of specific crystals. We report on the fluorescent signals produced
from exposure to low doses of neutrons and γ rays and find potential targets in Quartz, Sapphire, LiF, CaF2 and BaF2.
These crystals and specific signals will be the subject of further study to establish the various traits relevant for a full
scale DM detector. In this paper we identify the most interesting signals that will be promoted to significantly more
detailed studies, including their production mechanism.
Keywords:
1. Introduction
The current understanding of the Universe consists of
the ΛCDM model, and requires that most of the matter
in it be dark, i.e. almost non-interacting with standard
model particles [1]. The most widely studied form of
this postulated Dark Matter (DM) is the Weakly Inter-
acting Massive Particle (WIMP), proposed in [2].
Direct detection [3] experiments have focused over
the last few decades on searches for WIMPs with
masses above ∼10 GeV/c2, the emphasis being on de-
tecting Nuclear Recoils (NRs) induced by WIMPs from
the Milky-Way DM halo. These experiments are sen-
sitive to recoils with energy deposition of more than
O(keV), which sets the∼10 GeV/c2 DM mass threshold.
The signal scattering off nuclei in various target mate-
rials must be separated from Electronic Recoils (ERs)
which constitute the major background in such experi-
ments. So far no signal was identified, and as stronger
experimental constraints are being set, more theoretical
models are being challenged, see [4] for a review. The
experiments leading this field feature large exposures
∗yossi.mosbacher@weizmann.ac.il
of order tonne·year, and almost negligible background
leaking into the signal region [5].
In recent years, a growing number of theoretical
models suggest the existence of light DM below the
GeV/c2 scale [6–16]. In these cases the expected en-
ergy deposited by the recoiling nucleus is lowered to
the ∼eV scale. As an example, a 100 MeV/c2 DM par-
ticle maximal recoil energy is ENR ∼10 eV using stan-
dard DM halo parameters. This motivates expanding
the direct detection technologies to allow lower energy
thresholds, often below the abilities of current direct de-
tection technologies [17].
The sensitivity for detection of DM particles lighter
than a few GeV/c2 has been strongly limited by the in-
herent challenges of lowering the detection threshold,
elimination of backgrounds and the use of large expo-
sures.
The lowest NR threshold today is set by cryogenic
calorimeters, with CRESST achieving the most sensi-
tive limit
below GeV/c2, with an energy threshold of
∼100 eV [18], a 24 g target and a significant amount
of background events.
In this paper we continue the work on a proposed de-
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tection method [19], following a general idea from [20,
21]. The method includes the use Color Centers (CCs)
as a detection channel which has the potential to ex-
tend the sensitivity for DM detection down to masses
of a few hundreds of MeV/c2 offering scalability to
large exposures. CCs are defects in normally trans-
parent crystals, which, by the deformation of the peri-
odic symmetry, create electronic states within the band
gap [22, 23]. These defects have various documented
formation mechanisms [24], including NRs which cause
dislocations of crystal nuclei. Electronic states of the
CC, when occupied by electrons, can absorb optical
photons, giving rise to coloration, from which the name
is derived. These electrons are excited to a higher state,
and can decay back by a combination of phonon emis-
sion and a fluorescence photon, at a longer wavelength
compared to the exciting one.
Many of their properties make CCs ideal for the de-
tection of a single dislocation event in large volume;
CCs live practically indefinitely at room temperatures
and can be detected through their excitation and emis-
sion of luminescence. Formation of CCs in crystals typ-
ically requires atomic scale energies ofO(10 eV), orders
of magnitude below current WIMP detection capabili-
ties. A light DM particle recoiling off a nucleus inside a
crystal can create an active CC that can be probed con-
tinuously through its characteristic fluorescence. Be-
yond its usefulness for DM searches, this channel is also
sensitive to solar neutrino coherent scattering off the nu-
cleus [19, 25].
Experimental approach
The path to the realization of a detector such as the
one described above can be separated in to three parts;
(i) Identification of the most promising CC candidates,
(ii) the investigation of their response to ER and NR
on a single site level, and (iii) finally building a small
scale prototype DM detector. In the first part, the re-
sults for which are reported in this work, 10 optically
transparent and comercially available crystals, were ir-
radiated by γ and n sources, and measured to detect Ra-
diation Induced Luminescence (RIL) in their absorption
and emission spectra. While extensive work has been
done on the effects of high doses of radiation on various
crystals, e.g. [22, 26–31]. This work is a methodical
investigation of low doses aimed specifically at identi-
fying potential discrimination between NRs and ERs in
RIL formation.
In order to systematically study defect formation by
scattering off a nucleus, NRs with the relevant momen-
tum transfers are needed. This can be achieved using
a controlled neutron source with an adequate energy
range. For DM, well below 1 GeV/c2, comparable in-
teractions can be produced by neutrons of O(10 keV).
Such low energy neutrons are difficult to produce with
good energy resolution, at high rates in a controlled
manner. Due to the low availability of O(10 keV) neu-
tron sources, it is necessary to first identify the most
promising crystals, using a readily available O(MeV)
neutron source. Neutrons from such a source provide
signatures that partially overlap with those of lower en-
ergy neutrons [32].
The discrimination factor is a very important figure of
merit for DM detectors; it is the ability to differentiate
the signal of a NR from ERs which are much more abun-
dant in a typical experiment. For this reason, the crys-
tals this study aims to identify must exhibit detectable
NR induced luminescence and should be prioritized by
their discrimination factor. The irradiations should also
be confined to a relatively low dose regime, thus limit-
ing interaction between defects and maintaining a linear
response to the radiation dose [33]. For this purpose, a
60Co γ source is used to measure the effects of low doses
of γ radiation on the crystals of interest.
In this work we present the results of stage (i), iden-
tifying promising crystals that justify further investiga-
tion. The paper is arranged as follows: In section 2 we
present the crystals selected for this work and describe
their irradiation with neutrons and γs. In section 3 we
describe the dedicated optical setup, fluorescence mea-
surements, data normalization and analysis procedure.
Finally, in section 4 we summarize the results, and con-
clude in section 5.
2. Irradiation campaign
The transparent monocrystallines selected for this ir-
radiation campaign are summarized in table 1. They
were selected based on their optical transparency and
known sensitivity to radiation, as well as on their com-
mercial availability and cost to allow the realization of
a future macroscopic detector, if found suitable. The
crystals are cut to a cubical shape, with at least 4 pol-
ished faces, allowing to probe the fluorescence created
in the crystal bulk as opposed to the surface. No anti-
reflective coating is applied, to allow measurements in a
large spectral range. The crystals were not treated ther-
mally or otherwise before the campaign with the excep-
tion of marking each face, to preserve consistent orien-
tation in spectra measurements before and after irradia-
tion. Several identical samples were used for each crys-
talline type. Each of the samples was irradiated once,
in a single dose, as summarized in table 1. The time
between the spectral measurements and the irradiation
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itself was at most 5 days, both prior and post irradia-
tion. All irradiations for this work were performed at
the SOREQ Nuclear Research Center in Israel.
Crystal Supplier Side Samples
(mm)
LiF UC 5 4
MgF2 UC 5 5
CaF2 UC 5 4
BaF2 UC 5 4
MgO PS 5 4
Al2O3 GV 10 4
ZnO PS 5 4
SiO4 UC 5 4
LiNbO3 UC 5 3
LiTaO3 UC 5 3
Table 1: All monocrystallines used for this work and the number
of samples used for each irradiation. Suppliers: United Crystal
(UC) [34], Gavish Inc. (GV) [35] and Princeton Scientific (PS) [36].
2.1. γ irradiation
Crystals were exposed to a high energy 60Co γ
source for one of three distinct duration times that will
be referred to as the γshort, γmedium and γlong irradia-
tions. The source activity at the time of irradiation was
5.37(18) × 1012 Bq. The emitted γ spectrum from the
60Co source contains two main energy lines at 1.17 MeV
and 1.33 MeV, with a branching ratio close to 100%,
and negligible contributions from other energies. Softer
photons are also expected from scattering off walls and
other items. The distance from the container holding the
crystals to the source was measured to be (312 ± 6) cm.
The dose at this location was measured using a cali-
brated TLD-100 detector, summarized in table 2. The
dimensions of the crystal container allows for a maxi-
mum variation in the relative dose of 5% for different
crystals. This is an upper limit for the variations, as the
point-source approximation does not fully hold at this
distance and the wall effects are expected to be more
homogeneous. In addition, there is a 15% systematic
error in the measured γ dose, dominated by the TLD-
100 instrument error.
The strength of the RIL generated in a specific crystal
during the 60Co irradiation S Co, is modeled as a linear
function of the γ dose Diγ (given in table 2) so,
S iCo = ξ · Diγ, (1)
with the index i denoting the irradiation duration. The
coefficient ξ will be different for each RIL, depending
Irradiation Source Duration Dγ
[hour] [mGy]
Neutron 252Cf 64.3 2.90 ± 0.75
γshort
60Co 1 90 ±15
γmedium
60Co 3 270 ±41
γlong
60Co 17.8 1600 ±240
Table 2: Irradiation details. γ doses in LiF (Dγ) given for reference,
the γ dose for other crystals will be proportionate to this number, de-
pending on its absorption coefficient for γ radiation.
on the branching ratio for its creation and its optical
properties such as quantum efficiency and optical cross
section.
2.2. Neutron irradiation
Exposure to neutrons was performed using a 252Cf
source with an activity of (3.4 × 108) Bq, providing an
average of 3.7 neutron emissions per fission event. Neu-
trons are emitted with energies up to 13 MeV, with an
average energy of 2.13 MeV [32]. The crystals were
placed in a lead shield and irradiated for a total du-
ration of 64.3 hours with an estimated neutron flux of
(3.8 − 8.0) × 104 n/cm2/s, depending on the actual posi-
tion of the crystals inside the shield.
The emission of neutrons is accompanied by a sig-
nificant component of γ rays. The average number of
γs per fission event is 8.3, with an average energy of
0.8 MeV per γ emitted [37]. Lead shielding was used
to reduce the flux of these γs. However, this introduces
an additional γ source originating from the Pb activa-
tion, illustrated in Fig. 2. The necessary thickness of the
lead shield to achieve optimal n/γ ratio was evaluated
using a Monte Carlo simulation (figs. 1 and 2) using
the FLUKA software package (version 2011.2x.2) [38],
which was also used to estimate the final n/γ ratio and
γ energy distribution in the experiment. The total γ flux
with shielding is estimated to be (6−10.8)×103 γ/cm2/s
with an average energy of (1.11 ± 0.13) MeV. The frac-
tion of γs with energy above 2 MeV is estimated to be
10% - 23%, and above 4 MeV this drops to be less than
2%. Assuming that Compton scattering is the main pro-
cess of energy deposition, we estimate the γ dose for
LiF to be (2.9 ± 0.75) mGy.
The correct conversion factor between the effects of γ
irradiations by the 60Co and 252Cf may not be the energy
deposition, and may depend on the energy spectra. This
effect is estimated to increase the error of the calculated
γ dose to 50% for the 252Cf irradiation when comparing
with the 60Co doses.
The RIL in the 252Cf irradiation is modeled as origi-
nating from two distinct contributions, one from the n-
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radiation (S n), the other from γ-radiation (S γ). This is
expressed as
S Cf = S γ + S n = ξ · Dnγ + S n, (2)
where ξ is defined in equation 1, and Dnγ is the relative
γ dose in the neutron irradiation, taken from table 2.
The goal of this work, is to identify a clear excess
of S n, using the 60Co irradiation to estimate ξ and thus
constrain S γ. More on the statistical treatment will be
presented in section 3.4
Figure 1: Simulated γs reaching the crystals per cm2 per γ primary
from 252Cf source. Top: Top view, Bottom: Side view. Black lines
trace the surface of Pb shield and the crystals inside the shield, with
the source located at x=17.5 cm, y=0 cm, z=2.5 cm.
3. Optical setup
A dedicated fluorescence spectroscopy setup, tailored
specifically for this campaign was designed and assem-
bled at the Weizmann Institute. The optical system was
designed to illuminate and collect light from within the
crystal bulk, and be sensitive to a wide range of wave-
lengths, 250-800 nm in excitation, and 300-1200 nm for
emission. A special effort was made to use the same op-
tical path for the entire range of excitation wavelengths,
allowing for a reliable comparison of signals produced
at different wavelengths. To allow a long-term cam-
paign capable of measuring hundreds of samples under
stable and repeatable conditions, the design includes in-
situ mechanical and optical calibration, real time moni-
toring and automation.
Figure 2: Simulated γs reaching the crystals, emitted from the lead
shield, per cm2 per neutron primary from the 252Cf source. The emit-
ted γs are a result of neutron activation of the lead. Top: Top view,
Bottom: Side view. The geometry is identical to that of Fig. 1, with a
252Cf source at x=17.5 cm, y=0 cm, z=2.5 cm.
3.1. Description of the setup
A schematic of the system layout is shown in Fig. 3.
For optical excitation, a xenon-based, laser-excited,
EQ77 broadband source by Energetiq was used. Wave-
length selection was performed using Spectral Prod-
ucts CM112 Double monochromator with two gratings
blazed at 300 and 500 nm, both with a line density of
1200 mm−1, giving a band-pass of approximately 5 nm.
Thorlabs edgepass short pass filters were used on the ex-
citation side in steps of 50 nm from 400 nm to 600 nm
cutoffs, to reduce stray light from the monochroma-
tor that overlaps with the wavelength range being mea-
sured. Long pass filters were used in steps of 50 nm
from 450 nm to 650 nm cutoff to reduce the scattered
excitation light from entering the spectrograph. An ad-
ditional long pass filter with a cutoff at 355 nm was
placed in the excitation beam to clean out second har-
monics from the monochromator when exciting with
wavelengths longer than 360 nm.
Emission spectra were measured using the Shem-
rock 193i spectrograph with a Andor Newton 971 cam-
era. Motorized stages were used to automate the fil-
ter wheels, crystal wheel, excitation focusing mirror and
emission collection mirror.
To account for fluctuations of the light source power,
A beam sampler is permanently placed in the excitation
4
Figure 3: Schematic representation of the optical system used to mea-
sure fluorescence in this experiment. (A) Exciutation light source,
(B) Parabolic mirror, (C) Parabolic mirror, (D) Monochromator, (E)
Parabolic mirror, (F) Reflective mirror, (G) Short-pass filter wheel,
(H) optional long-pass filter, (I) optional polarizer, (J) Power me-
ter, (K) Beam sampler, (L) Parabolic mirror, (M) Crystal wheel, (N)
Retro-reflector (not used for the measurements reported in this pa-
per), (O) Motorized rotation stage, (P) Parabolic mirror (Q) Optional
polarizer, (R) Long-pass filter wheel, (S) Parabolic mirror, (T) Spec-
trograph.
beam path with a photodiode perpendicular to the beam.
The crystal holder allows 12 crystals to be loaded
simultaneously. Four positions were reserved for per-
manent references, three reference crystals with known
signal, and one empty crystal holder. These references
were measured following every loading of new crystals.
These purpose of these auxiliary measurements was to
monitor and correct for changes in background or effi-
ciency between measurements.
3.2. Estimation of the experiment sensitivity
The sensitivity to detect a given active CC is esti-
mated, in order to assess the meaning of null results
as well as future comparisons with simulations. Null
results can be translated to an upper limit on branch-
ing ratio of production, with an unknown pre-factor of
the optical excitation cross section. The expected sen-
sitivity was estimated using the Raman line of water at
3410 cm−1. This technique is commonly used in ab-
solute spectrofluorometry to present absolute cross sec-
tions [39, 40]. The measurement is given here as the
minimum detectable defect density, for a defect with a
cross section of 10−17 cm2 and unity quantum efficiency,
emitting non-polarized light, and a detection threshold
of 10 photo-electrons per second. Signals with a dif-
ferent cross section or in a crystal with a different re-
fractive index, will give different values. The sensitivity
presented here allows only rough limits on the density
Figure 4: Measured relative detection sensitivity, in log scale, of the
optical system as a function of excitation and emission wavelengths
λex, λem. The visible discontinuities are mostly due to changing opti-
cal filters, except for the ones at λex and λex of 400 nm, which are due
to changing monochromator and spectrograph gratings respectively.
The red circle marks the point that was measured in absolute value
using the 3410 cm−1 Raman line of water.
of created CCs. We estimate a sensitivity of
ρmin = 3.7(7) · 105cm−3 10
−17cm2
QE · σoptical (3)
at excitation wavelength of 450 nm and emission at
532 nm (illustrated in Fig. 4), where σoptical is the opti-
cal cross section of the defect creating the signal and QE
is the defects quantum efficiency. For detected signals,
this experiment allows us to estimate the capabilities of
a hypothetical detector for the detection of pure nuclear
interactions. The details of how many color centers of
each kind are created and their respective properties,
such as optical cross section and quantum efficiency, can
be ignored if the crystal response scales linearly with the
the rate of recoils and is homogeneous over the bulk of
the crystal. The deviation from these assumption will be
the subject of further study. Assuming the response is
linear at low rates, the hypothetical signal in a detector
can be inferred for a given rate of recoils, as a function
of the optical collection efficiency achieved, for each of
the detected signals.
3.3. Crystal measurements
Each crystal was excited with wavelengths between
250 nm and 800 nm in steps of 10 nm, scanning down
from longer wavelength towards shorter ones to reduce
the risk of signal bleaching by UV light prior to its mea-
surement. Each emission spectrum was measured mul-
tiple times with varying CCD exposure times TCCD. An
exposure of 1 s was repeated 4 times to identify bleach-
ing during the measurement. Additional exposures of
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0.1 s and 10 s were performed to widen dynamic range.
While scanning the crystals of interest, a scan through
the auxiliary measurements is also performed.
The measured data was normalized to counts per ex-
citation photon per second. Before normalization, the
measured background (signal baseline) NBG(λem) was
subtracted from the measured quanta Nmeas. The mea-
sured spectra was normalized by the relative number
of excitation photons Nex(λex), the CCD exposure time
TCCD, and the relative collection efficiency of the sys-
tem expressed as η. The final spectra used for analysis
Nnorm(λex, λem) can be expressed as
Nnorm(λex, λem) =
Nmeas − NBG(λem)
η(λem) × Nex(λex) × TCCD , (4)
which gives the normalized detected quanta per ex-
citation quanta. Since each measurement was per-
formed multiple times with different exposures times,
the measurement with the longest non-saturated TCCD
was used. All analysis results presented here were
performed on the increase of signal due to irradiation,
i.e. the pre-irradiation spectra were subtracted from the
post-irradiation ones (see Fig. 5 top).
3.4. Analysis
Spectrum deconvolution was done by fitting to a sum
of Gaussian models, since the signal width appears to
be dominated by the inhomogeneous broadening in all
cases. The total signal from each peak was then esti-
mated as the area under the best fit Gaussian at the ex-
citation wavelength with maximum signal, this is illus-
trated for LiF in Fig. 6 bottom.
For signals that are identified across all 4 irradia-
tions (i.e. S Cf , S shortCo , S
medium
Co , S
long
Co ), a z-score and
confidence interval for Sn was calculated using a χ2
test statistic for hypothesis testing. The test statistic
was used to reject the null hypothesis (corresponding
to Sn=0 in eq. 2), for the alternative hypothesis with an
additional signal Sn=Sˆn created by the neutrons in the
252Cf irradiation. Where Sˆn is the value of Sn that mini-
mizes χ2 .
An example fit is shown in Fig. 7 for LiF. When cal-
culating the significance and z-score, we assume the test
statistic is asymptotically distributed, an illustration of
this is shown in Fig. 8.
4. Results
We present the results of the irradiations and mea-
surements, after the analysis procedures described
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Figure 5: RIL spectra for two BaF2 crystal. One irradiated with the
252Cf source (top), and one with the long duration 60Co (bottom). No-
tice the 570 nm emission, excited at 340 nm RIL signal that appears
only in the 252Cf irradiation.
above. First we show the signals that have been en-
hanced by the various irradiations, and then discuss the
bleaching of these signals.
4.1. Signals produced in irradiations
The RIL observed in the various measured crystals,
can be divided into a number of distinct categories listed
by their importance to this study:
Category A RIL observed only in the 252Cf irradiation
and in none of the 60Co irradiations. The lumi-
nescence is therefore attributed solely to neutrons.
Shown in Fig. 9.
Category B RIL observed for all irradiations, for
which a neutron induced signal was detected with
a significance above 1 σ. Shown in Fig. 9.
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Figure 6: The LiF spectra, when excited by 450 nm light. Example
showing spectra of the signal excess created by the four irradiations
(Top), and the spectral deconvolution into individual components by
fitting a sum of Gaussians (Bottom).
Crystal λex λem Category
CaF2 340 (70) 425 (50) D
520 (70) 635 (70) E
MgF2 250 (20) 420 (50) D
420 (35) 560 (90) D
420 (50) 1000 (200) D
510 (55) 670 (100) D
ZnO 350 (140) 580 (140) D
Table 3: List of observed signals induced by irradiation that do not
meet the criteria for quantitative analysis in this study.
Category C RIL observed for all irradiations, consis-
tent with Sn=0 (no detected neutron induced sig-
nal). Shown in Fig. 9.
Category D Observed nonlinear ratio between the RIL
for the different 60Co doses. This can be either
due to strong orientation dependence, polarization
dependence or nonlinearity in the creation mecha-
nism itself. Shown in table 3.
Category E RIL observed only for the largest dose
60Co irradiation, which is beyond the interest of
this paper. Shown in table 3.
In addition to these clearly identified RILs, the
LiNbO3 & LiTaO3 crystals gave null results, in which
no RIL was observed and MgO included too much ex-
isting signal to distinguish clear RIL and therefore was
not considered interesting for this study.
4.2. Bleaching of signals
Using the consecutive irradiations performed at each
excitation wavelength, we estimate the bleaching per
 dose in LiF (Gy)  γ
2−10 1−10 1
) 
-
1
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 onlyγ       
Co irradiation60
 + nγ      
Cf   irradiation252
Figure 7: Example of a fit to signal strength as a function of relative
γ dose for the model of linear dependence on the γ dose plus an un-
known contribution from the neutrons in the 252Cf irradiation. Shown
here for LiF at 530 nm emission, excited at 450 nm. The RIL from
the 60Co irradiations is shown as blue circles, measured RIL from the
252Cf shown as red circle, expected RIL from the γs present during the
irradiation shown as red dashed cross and linear fit 60Co irradiations
as black dashed line.
Figure 8: Test statistic as a function of excess Sn above γ effects.
Assuming asymptotic distribution, the confidence interval is taken as
the all the points with a χ2 smaller than the minimum χ2 + 1. The
significance is equal to the square root of the difference in the test
statistic between its lowest value and its value where Sn=0. Example
shown here from LiF at 530 nm emission, excited at 450 nm.
10 s of exposure to the excitation at the wavelength cor-
responding to the peak of the signal. We have observed
bleaching in BaF at (320, 960) nm, CaF (440, 700) nm,
MgF (370, 600) nm, of 2.2(7)%, 5.8(2)%, 10.5(5)% re-
spectively per 10 seconds of measurement. Future stud-
ies will look into bleaching of centers of interest with
higher accuracy.
5. Discussion
This concludes the first stage in assessing the viabil-
ity of various transparent crystals to serve as detectors
for low mass dark matter. We aim to contrast the pro-
duction of CCs by fast neutrons with those produced
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Figure 9: Best fit values (in red) and confidence intervals (grey) for
the RIL attributed to the neutron radiation as opposed to the γ rays in
the 252Cf irradiation. Categories defined in section 4.
by γ radiation. Both the production by γ rays and neu-
trons are of interest, for purposes of background and
signal characterization, respectively. Focusing on com-
mercially available single crystals we map a number of
RILs that justify further investigation. The results are
concisely summarized in Fig. 9 and table 3. The pro-
duction rates by γ radiation can be used to study de-
sired background levels for various crystals and CCs.
For the neutron irradiation, we focus on a number of
defects that have shown evidence of excess over γ ef-
fects. The CCs we have found in that category are in the
BaF2, CaF2, SiO4, Al2O3 and LiF crystals. These CCs
will be studied further with higher priority as they show
indications of a creation mechanism involving nuclear
recoils. We draw the readers attention to the fact that
some of these CCs are at the edge of our range in ex-
citation wavelength and therefore need to be verified in
our next study after upgrading our system to operate at
wavelengths below 250 nm. It should be mentioned that
the rate of γ irradiation used in this study is orders of
magnitude higher than that expected in a rare-event en-
vironment. Later studies will be required to verify that
the defects induced by the γ source repeat with much
lower activities, and are not a result of nonlinear effects,
which would not exist in the low background setting of
a DM experiment. This assumption is supported in most
CCs studied here in which a linear dependence fit very
well to data. This paper is the first experimental step
in a long campaign, which will be followed by stud-
ies dedicated to the search and characterization of crys-
tal defects as low mass DM detectors. The response to
lower energy neutrons, the annealing of defects, opti-
cal bleaching and stability will be the subjects of later
studies. In addition to further investigating the crystals
reported here, additional candidate crystals may be in-
vestigated in the future. The goal being identification of
a viable candidate for such a detector and the construc-
tion of a prototype detector.
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